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ABSTRACT

A computer program has been developed for calculat-
ing the propagationloss of underwater sound into the region
of the shadow zone. The calculations are based on a com-
posite propagation scattering model. The compufer pro-
gram has been writfen partly in FORTRAN IV and partly in
NELIAC. Copies of this program are availabie to interested
parties.
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COMPUTER PROGRAM FOR CALCULATING PROPAGATION
LOSS INTO THE SHADOW ZONE

INTRODUCTION

A program named Assured Range Studies was carried on by the Acoustic Warfare
(formerly Techniques) Branch of the Acoustics Division. One of the results of the As-
sured Range Studies was the development of a means of computing the propagation losg
of acoustic energy in the ocean from a source in the surface layer to any point below the
layer. The purpose of this report is to describe the computer program for the calcula-
tion of this propagation loss.

It is & common occurrence for the ocean to develop a layer of water which is vir-
tually isothermal. This layer of almost constant temperature starts just below the ocean
surface and can extend downward for several hundred feet. The sound speed gradient in
the isothermal layer is positive in the downward direction due to the increase in the hydro-
static water pressure with depth. Immediately below the layer the sound speed gradient
is negative. This is caused by the relatively rapid decrease of water temperature with
depth. Sound propagation in the layer, or surface duct as it is also called, is usually
favorable.

For a sound source in the surface layer there exists a limit ray. The limit ray is
the ray which leaves the source at an angle suchthat it crosses the bottom boundary of the duct
at grazing incidence. Ray theory predicts no sound propagation below the duct boundary
beyond the point of grazing incidence of the limit ray. This region is the shadow zone.

Experience has shown that the shadow zone is insonified, and the Assured Range
Studies proposed a propagation scattering model for determining sound intensity there.
Specifically, it was asserted that the principal mechanism for insonifying the region is
the scattering of acoustic energy by the rough, irregular sea surface.

This propagation scattering model requires the knowledge of only those parameters
that can be measured. The parameters are the sound speed variation with depth, wind
speed, depth of the isothermal duct, depth of the sound source, range between source and
receiver (or target), and depth of the receiver. (The terms receiver and larget will be
used interchangeably throughout this report.) However, the calculation of propagation
loss is so intricate and lengthy that it is made practicable only by means of a digital
computer. A brief description covering the important points of the propagation scatter-
ing model is given below.

DESCRIPTION

The propagation scattering model asserts that acoustic rays diverge from the source,
where they are refracted in accordance with the sound speed gradient, and are then re-
flected and/or scattered from the surface into the shadow zone. The scattering occurs
from an area between source and receiver. (It is assumed that backscattering is unim-
portant, and areas beyond the receiver make no significant contribution to the signal
strength at the receiver. Also, there is no contribution by sound reflected from the
ocean bottom.) The scattering strength of any point on the surface is a continuous
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function of position with respect to the source and the receiver. But since the scattering
cannot be computed over any continuous extent from a practical standpoint, the surface
of the ocean between source and receiver is divided into a number of elementary scatter-
ing areas, in this case squares all of the same size. Such a division is diagrammed in
Fig. 1, where S is the source and T is the target. The scattering strength is computed
at the center of each of the elementary scatiering areas, and it is assumed constant over
the entire sguare.
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Fig. 1 - Diagram of scattered ray, {a) ocean surface divided into
elementary scattering areas, (b} geometry of scattered ray

With the division of the ocean surface into the elementary scattering areas, a set of
individual ray paths is thus defined. The individual ray path is the path from the source
to the center of any scatfering area and from there to the receiver. For the ith sguare
the propagation loss H, in decibels is computed and displayed in the compuier output.
Each value of H; is converted fo its equivalent infensity, and all the intensities are
added together. From the sum of the eguivalent intengities the total propagation loss is
determined.

The number of ray paths or the total extent of the scattering surface considered is
gependent on the limits set for seattering strength and the values of ¥, for elementary
scattering areas lying on the central axis between source and receiver. The scattering
strength of a scatlering area decreases as areas further from the central axis are con-
sidered. When the scattering strength falls below -60 dB, areas further off the central
axis are not considered. The error caused by not considering a larger area is a small
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fraction of a decibel. The computations start by considering the ocean surface at the re-
ceiver end of the propagation path and "working' back toward the source. The values of
H, for the elementary scattering areas reach a maximum, usually within 1000 yd of the
target That there is a maximum value for H; is a conclusxon made after several pre-
liminary calculations had been made. When IrI1 for a square, whose center lies directly
on the center line,is less than -150 dB, the computation of H; for any other area is ter-
minated and the summation of all the intensity equivalents of the H,'s is made. (Again,
here, errors due to truncation are small.) This final value of H is the propagation loss
to a point in the shadow zone, i.e., at the target. The signal strength at the receiver is
due to the scattered field. This theory and the program do not consider the "direct" field
that would be encountered in the duct, and the target below the duct receives only the en-
ergy in the gcattered field. The computer printout also includes the scattering strength
of each scattering area and the angle of arrival each ray makes with the {arget.

The propagation loss H;, in decibels, of each ray is the sum of four terms, as given
in Eq. (1).

H, = TL,; + 10log,; S,; + 10log;y A; + TL,; . (1

(The subscript i in Eq. (1) will not be used in the following discussion.) The loss TL, is
the loss along the ray from the source to the scattering area. To compute this loss, the
AMOS (1) formulations were used plus a surface-coupled loss, suggested by M. Schulkin (2),
that the ray suifers on scattering from the surface.

The quantity S_ of Eq. (1) is the scattering coefficient of the scattering area, and
10 log 8 is called the scattering strength. S_ is computed using the scattering model
developed by Beckmann-Spizzichino (3}, Their development includes scattering from a
moderately rough to rough, irregular surface depending on acoustic frequency, standard
deviation of wave height, and the angle at which the target '"sees" the scattering area.
The elementary scattering area A is a square of 50 yd on a side.

The quantity TL, is the propagation loss the ray suffers from the area of scattering
to the target. The loss TL, is found by a ray-tracing method outlined by Stewart (4).
From bathymetric and salinity data the sound speed for any depth is computed using
Wilson's (5) equations. Stewart's method generates a sound speed profile that is not only
continuous at the layer boundaries, but the first derivative of the sound speed with respect
to depth is also everywhere contmuous This method is adequate for computing TL, be-
cause the sound speed structure can be accurately portrayed below the duct as well as
within the duct. In the region through which TL, is computed, the sound speed is a linear
function of depth because of the isothermal water.

GUIDE FOR USERS

The input parameters for this computer program are all either chosen or measured
except for PHISUBI (see list below). These values are listed below with their equivalent
FORTRAN designations.

This information goes on one data card which is read by 2 FORTRAN read instruc-
tion. This single data card is to be followed by the sound speed profile. The curvilinear
sound speed profile is generated by another computer program SOUNDSPEED which is in
the NELIAC compiler language. The inputs for the sound speed profile require either
depth sound speed pairs or temperature and salinity data and their corresponding depths.

Preliminary calculations showed that the Beckmann-Spizzichino scattering model is
quite insensitive to small changes of small angles of PHISUB1 (¢,). Even for the deepest
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Definition FORTRAN Designation

Channel depth (yd} HC
Receiver depth (vd) RDEPTH
Angle of incidence of ray at surface PHISUBL

{degrees)
Wind {knots} W
Acoustic frequency {kHz) FREQ
Value of linear gradient in duct (1/sec) GC
Range between source and target {yd} RINITIAL
Source depth (vd) ZSUBO
Surface temperature (°F) TEMP

surface ducts PHISUBI will be about 3.5 degrees at most. Therefore PHISUBI can be
arbitrarily set to any small angle less than 3.5 degrees. A value of 2 degrees was used
by the author.

FLOW DIAGRAM

The flow diagram of Fig. 2 shows the general computation scheme., Figs. 3 through
8 are the major subroutines except for subroutines INITPTOP and PTOP, These latter
two subroutines are in the NELIAC-N compiler language, Their purpose will be noted
helow.

The first five operations after start given in Fig. 2 read in all of the data except for
the sound speed profile, print this data as an output, calculate several constants as noted
in operations numbered 4 and 5, divide the ocean surface as illustrated in Fig. 1, and
compute all ranges for the determinations of TL, and TL,. Subroutine DATA, which
computes the ranges for TL, and TL,, is diagrammed in Fig. 3.

Subroutine INITPTOP calls subroutine RDPROFILE, which reads in and stores the
sound speed profile. INITPTOP also calculates a table of sound speeds for use by PTOP,
The guantities FLAG, I, MX, and N are couniing and controlling indexes. The subroutine
PTOP computes the propagation loss TL,, the angle of scattering from the surface and
the angile of arrival at the target. PTOP finds the solution ray subject to the consiraints
of the problem. The constraints placed on the ray are horizontal range, depth of the
source {which is the surface), depth of the target, and the sound speed gradient. The
angle of scattering from the surface comes about by selecting only that ray that leaves
the surface such that it will arrive at the target, given those constraints. This angle is
required for subroutine 888, and it is designated ¢ in Fig. L.

The subroutine SSS computes the scattering sirength 10 log,, S, of Eq. {1} and sub-
routine CMPUTE H calculates TL, and makes the addition of the guantifies indicated in
Eq. (1). Subroutine TABLE(MX]) prints the output of the program in tabular form. The
output table format displays the quantities H, 10 log,, 8., and ANGRCVR {angle of ar-
rival at the fargei] for each elementary scattering area. The numbers are arranged on
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Fig. 3 - Flow diagram for range calculation for computing TL, and TL,

and for caleulation of 4_

the page to correspond to the relative location of their position on the sea surface. But
since the manner in which the surface is divided gives asymmetry with respect to the
axis connecting source and target, only those values to one side {the right one} of this

axis are printed.

The main program SURFSCAT computes the effective intensity for each ray, nor-
matized to the source level of 1 yd, by taking log; (H, /10). These effeciive intensities
are sumined, and then the total propagation loss between the source and the target is

computed as 10 log,, of the summed effective intensities.

Subroutine AMOS computes this same guantity using only the AMOS formulations
throughout the entire extent of the transmission path.
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A complete program listing is given in the Appendix. This computer program has
been run repeatedly using field data collected during experiments at sea. These data
were restricted to one frequency, but there were variations of range, target depth, sur-
face duct depth, sound speed profile, and wind speed. The difference between computed
and measured values of propagation loss never exceeded : 3.5 dB, where the measured
value was based on the average loss for 20 to 30 pings. Shown in Fig. 7 are some typical
propagation loss measurements for various depths for a constant range of 12,000 yards.
The source depth is about 6 yd.
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PROGRAM SURFSCAT SUROOLIOT
SLRBL2ED

CQURFSCAT CAMPUTES THE PREPAGATIHON LEBSS OF ACCUSTIC EMERGY EMITTED SUREG3IGO
FRAOM A SAURCE Ih TWg SURFACE DUCT SCATTERER IKNTE THE SHADGW ZOVE. SiRag40n
THIS L85 1S & FUNCTIGN GF WIND VELBCITY. TEMPERATHRE, SHURLE AND SURBES0O
RECEIVER DFPTHS, DUCT BEPTH, FRENUENCY, HARGE, AMD THE SOUND VELSCITYSURGGSDD
PRAFILE, SURNDZ0ND
SURBBARDD

THE SCATTERING SURFACE 18 OIVINED INTE SQUARES gF FQUAL SIZE, THE SURTQIQD
SCATTERING STREANGTH 1S CHOMPUTED AT THE CFNTER &F EACH SQUARE, 480 IT SURNL1800
I8 ASSUMED CONSTANT BVER THE ENTIRE SQUARE. SURNLIGD
SURNLZ20D0

DIMENSIRN RCREANGELSOLO),,TRETARLIONG Y JRANGFLO 300D SURpL30o
CEMMPNFESS LATA/ANGSROE , ANGROUR, PLASS,RR,EDFP I H,. FRED, NOSBL ,FLAG, SURBLA00
100, S5URS SUROis0n
CEMMAN/ZSSES FPRAM/W,PHISUBL, THETAR, T SURDL&DD
CEMMERFalmH SURDLZ00
COMMAN/PHAF ILE/MBNTH, DAY, YEAR, LAY LANG, TDGRIGLZ ), NRDEFTHE, RT, SURais0N

* HONC s MTHDO, SURDLIFGO
1DT(ROD), C(HOO}, AITARLE(BOD), AZTABLE(ROO), ASTABLE(SQQ} SUIRQZNGD
CAMMONAANDY ARG, Z5uUBC, ZDEPTH, RIMITIAL. FEQU, WAVE. TEMP SURDZ2109
SURUZ3IUO

RCRANGE(L)Y IS TRE STRAIGHY L INE DISTANGE BFTWEFN THE 1 TH SCATTERING SURB240C
PHINT AND THE PEINT @GN THE SURFACE DIRECTLY ABBVYE TWE RECEIVER StiRGZS G0
(FAINT A, SURD2A00
SURBZ27GY

RANGELC1Y IS THE DISTANCE BETWEEN THE SOQURCE AND THE [ TH SCATIERING SUROZAQD
PRINT, SURE2S00
SUROINUO

THETAH([) T8 THE ANGLE BFTWEEN THE VEGTOR FREM THE SAURCE T@ THE [ THSURAZ4DO
SCATTERING PEINT aND THE VECTAR FAAM THE | TR SCaTIERING PRINT T SURG3IZG0
POINT &4, SURAZION
* SURDI400

ROEPTH 1S THE KECEIVER DEPTH IN YARES. SURNZHRQAN
SURDJIADD

HE 1S THE thmannEL DEPTH IN YARDS, SURGITON
SUROZA0D

PHISUBY 15 THE ANGLE OF INCIDENCE a RaY MAWES WITHA & SCATTERING SURBISCE
POINT, IT 15 ASSUMED CONSTAMT FAR ALL RAYS AND SCATTERING SURI4QQN
PEIATS (USHALLY AHSUY 2 DEGREES). SURD4LED
SURD4AZOD

W OIS WIND SPEEL IN KN@TSH, SHRO420D
SURT44T0

FREG 18 Twr FREGUENCY OF THE ADQUSTIC SIGNAL TN KHZ, SURD4500
SURG4AGT

GG 1S THE SGUND VELECITY GRADIENT IN THE DUCT (& CUNSTANT RY SURa4TON
DEFINITIAN 8F ThE LUCT) IN L/SFCS, SURBSBOD
SURN4QGD

RINITIAL IS THE DISTaNCE BETWEEN THE SAURCF AND PRTNT 4, SURDGRLG
SURODSLOD

ZSUHD 1S Twe DREFTH BF TRHE SEURCE IN YRS, SURDS200
SUROS3I00

TEMP 1§ THE TEMPEHATURE IN THE DUET {(ASSUMED LEBNSTANTY. SiRns400
SURASS00

READ L, WL, RDERTH, PHISUHL, W, FREN, &f,; RINITIAL, ZSUbQ. TEHP SHROS40N

1 FERMAT(GFB) SUROST70G
SURNSAGE
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DATA COMPUTES ThRE VALUES ©F RCRANGE(1}. THFTAR(ID, RANGEL1(1), AND

15

SURNESQ0

Ny, WHERE N 1S THE TOTAlL NUMBFER QF SCATTERING PRINTS TO BE CANSIDFRED,SURD4000

CALL DATAC(RCRANGE,RANGEL, THETAR,N,RINITIAL)
PRINT 9
9 FOERMAT (A X*INFUT DATA-=--3/)
PRINT 1ir, HC, RDEPTH, PHISURL, W, TFMP, FREG, GC, RINITIAL

10 FORMAT(SX®CHANNEL DEFPTH#S5YXeRECEIVFR NEPTHeSXubHISUBT#BXwsaXaTEMP

1 LOX*FRFQASX+GAMMA COMSTANT#SX=INTITIAL RANGE=/

BN, F10. 3, 10X F10.3,3X,F10.43,3%X,F6.3,5%,F6.3,5%x,FB.3,3X,F10.5,10X,

3F30.,377)
IDEPTH =z RDEFPTH
FEQU = FREQ
SUMH =
WAVE = ,0009Z»W**(5./2.)
Pl & 3,1415G26535
COnN = PI/18U.0
PHISUBL = PRISUZL#COAN

INITPTGP 18 A KRELIAC SUBPROGRAM WHICH CALLS RDPRGFILE AND RETURNS
DATA FBR PTEP, RDPROFILE READS THE SOUND SPEED PROUFILE WHICH MAY
BE GENERATED BY SOUND SPEED AVAILABLF THRQUGH KEN WBRIN, NRL,

CALL INITPTGFP
Co = C(1)
FLAG = 1,0

MY = @

THE FOLLOWING LEAP COMPUTES THE TOTAL SCATTERING LMSS FROM SOURCE T8

RECEIVER FrR EACH SCATTERING PAINT IN DB (M), THE SCATTERING
STRENGTH GF EACKH SCATTERING PBINT IN DR LINLEGISSURSY ), AND THE
ANGLE BF INCIDENCE BF THF RAY FROM EACH SCATTERING POINT AT THE

RECEIVER (aANGRCVR) IN DEGREES AND PRINTS THESE QUT IN TABULAR FORM,

DO 50 lei,N

MY 3 MX + 1

IF (MX.G6Y.8) MX = 1
RR = RCRANGE(T)

PTaP IS A nELIAC SUBFROGRAM WHICH COMPUTES THE PROPAGATION LOSS
FROM & SCATTERING PQINT T® THE RECEIVER (TL2) AND THE ANGLE BF
DEPARTURE AF ThE SCATTERED HAY FRQAM A SCATTERING PAINT (PHISUBR).

CALL PT@F
IF (NOSPL,EG,1) PRINY 30.RDEPTH,RR
IF (NOSAL,EQ.1) GO T& 50
30 FORMAT(20X,~THERE IS NO SOLUTION FOR THIS DEPIH AND RANGE=,S5X,
* F7,2,5%.07.2/4)

555 COMPUTES THE SCATTEHING STRENGTH AT THF CENTER OF GNE OF THE
SCATYERING AREAS,

CALL SSS

IF (SSURS.GT,=60,0) GO Te 49
ADD = (A=MX)

1 a1 +« ADD

SURDALOD
SURD&200
SURD&30O
SURD&400
SURDAS00
SURD&&DD
SURD&70D
SUR0&800
SUR06900
SURO7000
SURDT100
SURD7200
SURDT73I0G
SURN7400
SURB7500
SURDT&0D
SURD?Z700
SURQTBOO
SURD7S00
SUR0OBODO
SUR08&100
SUR0B200
SURD83I00
SURDB4DO
SURrnNas00
SUROEEOD
SURNB700
SURo8a00
SUROB900
SURD9O00
SURO9100
SUR09200
SUR09300
SURD940D
SURDSS500
SURD960D
SURDSTON
SUR09800
SURD9S00
SURL00D0D
SUR4L0100
SUR10200
SUR10Q300
SUR1G40D
SUR1D500
SUR106400
SURL0700
SUR4LD8E0D
SURL0%00
SUR11000
SUR11100
SUR11200
SUR11300
SUR11400
SUR11500
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C TARLE PRINTS @i T VALUES MF H, 10 8G(SSUBSY, AND aynROVR [N RuRfisgo
O TABULAR Fokwm, SURLiTGN
¢ SURti1AQO
CaLL TaRtE{MX) SURLL198D

X = 0 SUR120Q0

6T TO B0 SURLZIQD

40 RAN = HANDBEL(D) SuURizZ246

€ SURLZ4GDT
C CEMFUTE H roMPLIES ThE »CATTERING LBSS FREM THF SO HCE TR & SUR12500
O SCAHTTERING FAOLIRT (TLL), H ANID SUMS THE COUTVALFN' INTENSITIES. SHR124600
T iQssfHsIN:, suRyZIOO
c sliRizane
CaLl CuPLTE RIRAN, HL, ZSHUBQO0, WAVE, TEMP, SyrH, MX, W, GBI} stRizean
IF(MX, EQ 1 ahD,m. LT ~180.8Y 58 Y5 5% SURLIZN0D

CaLt YarLE(E) suRL3100

50 COENTINQE StIRL3Z2Q0

55 SUMH = RUMH - 10®*(H/10,0) SURLLILE

c AT IS THe THTaAL PHRPAGATIGN LOJS FaF ALL AF THE RaAYS TRACES, SURL 3400
BT = 20CALBLIOISUMH]) SUR1&50¢

PRINT &7y HT SURLZAGD

60 FRAMATL / /720X ThRE TOTAL PROPASATIAN L®58 (HI) I8 =F10,34} sSuki3ran

c sbR1IAGo
C  AMRS CAMPUTES ARBTHER VALUE FE@R UT USING THE amMGs FOHMULATIQONS, SUR139QN
c guui4nns
CALL AMFS SUR14100

END SURL4700
SUBREBUT Ik KLDPH®FLE RNP D100

C RDP 0200
C RDPREFILE wEADS THE SuuUNp RSPEED PRBFILF WHICK MAY RE GENERATED 3Y RDP pxGn
¢ SEUND SPEET avalblaHle THRBUGH KEN MABRIN, NRL, HOR 0400
c ROoP 0300
COMMBN/PHEFILE/MENTR. DAY, YEAR,, LAT LANG s TO,ERIGL2I,NRDEPTHS, RDP 0698

L BT, DEMCMTHD, ROP G700
1074800, CURQUT, ﬁITﬁHLE!&QD}:A&EThQLFiRﬂﬁI; AZTARLE(HOD? ROE gA0N

1 REAT 2:+BNTH DAY YEAR;LAT LONG LD HURIGII]IARIGI2INRQEPTHS REP 266

E FEHMAT X 131X 131X, 181X+ FB 1 X FF 1% AB1X2AB/15) ROFP 1000
K=NRUOEFTHS+] |ne 1106

5 READ 6,¢0TCL)ei=1.K) RUF {700

& FERMATIGELIR, G RpA 1308
READ &,(CE(I) 1=8,K) RDP 1400

AEAD £, tAlTAplEtLY, 121,k RTOF 150N

READ A, (ALTABLEC]) =1, K] REP LALR

READ &6, 183T2BLELI 151K} ]noP 1740

ENT REP 1800
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SUBRELTINE S$5S

SUKROUTINE SS5 CHMPUTES THF SURFACE SCATTERING SIRENGTH BF
THE SURFACT
SLAPE 1./CTS0B7. B841H FULCTIONS AF WIND SPFEL W TN KNOTS

WITh MEAN “AVE HEIGHT SInMA AND MEAN SURFACE

"DIMENS]EN TERM10GD)
COMMON/SSS PRAM/W,PHISURL, THETARCI000), ]

COMMBN/SSS LATAZPHISURR, ANGRCUR, PLASS, HR RDFP o FREQ,NOSAL,FLAG

=, CO.S5UFS
S1GMA

CTSGHZ
WAVLEN
3
WAVNUM

F

c

SKTHET ak

1 =

GN

=

A

AENI2rnre(D, 12,1}
1,706,006 + 009202%W}
Cast16J0 ., *FrEQ)

415426055
Z,#P1/4AVLEN

FIl/iBu,

THETAR(T)Y = IHETARCT ) (0N
PHISURR = PhISURR*CON
CSPHI1

CSTHETAF
SNPHI1
SNPHIR
CSPHIR

T
A

REA

£

"

CUE(PHISUBRL)
= SIN(THETARL(])
£ LESITHETAR(I)
SIF{PATSUBL)
SIN(PHISUHK)
COR(PHISURR)

)
)

2, %S} GMLSSERTF(CI1S0HT)

-
-

VEURXYSH
*[Res)

F

1,

+

500,

S585
§858
58§
888
888
883
555§
S$85
§8S
S8S
5§58
$85
58S
555
§83
§58§
585
888
8§85

§85
§SS
558
58§
8§85
58S

= WAVNIUMw #25 (CSFHIT %42 = 2,20SPHI1#CSPH]IR*=CSTHETAR + CSPHSSS

SNPRI1*SPHIK = CSPH]L1#CSPHIRSCSTHFTAR

Ff = F/(SNPHI1*(5NPRI1 + SNPHIRI)
VEUBX
VSuRY
VSURZ
IF{VSULX FG.0.0) RHPL = 1,
IF(VSLUBX . FQ,y0.U) Gu Th 8

R

HOY

<

(CSFhI1 - CSPHIRSCSTHETARY*RAVNUM
~CSFRIR*SHTHETAR=WAVNLM
WavhLMeESUFHIY + SNPHIR)

IN(SQ.»wVSUBX) /(50 ,»VSLIBX)

8 IF(VSUpY.EQ. 0.0 RHFAZ = 1,0
[F{VSUBY .£Q,0.0) G@ 1@ 9

A
9 R

HB?
HE

=

=

e

INCH0 . #VSUBY) 2150, s VEUBY )}

RHEleFREY

ROUGKNESS rRITHKION 1% DFTERMINED
1S BNLY FER A HuuGH AND A MRDFRATELY POLGH SEA SURFACE

THIS

G

YSURZ»ySLRZ=SIGMASIGMA

G MUCKH GREATER THaN MNE CORRESPGENDS Te A RAUGH SURFACE WHILE G
APPREXIMATELY FGUAL TG BMNE CHRRESPANNS Te A MUDERAVELY REUGH
SURFACE,

IFIG.,LT,4,) GB T 1
PEWER
RHORMEST
GeE Y& o

1
OR

=1, *{YSUBXYSUST*T/(d,9G))
= b lsFaFeT* I 8EXPF (PAWER) /IO AREA)

wTeTul o} oEXBF (-G}

179

588§
558
SSS

5§85

58§
5§58
§88§
§58
§58
58§
888
588
S8S
8§85
$8S
8§88
5§85
SS58
5885
885§
58S

17

p1g0
nzon
o3gn
p4ago
g50n
ps00
700
DROO
0900
1200
1100
1200
1300
1400
1500
14600
1700
180N
1900

2000
2100
2200
2300
2400
250n
2600
2700
2800
2900

30400

3200
S300
3400
s500
J&6Qn
3700
SR0N
de00
4000
4100
4200
4300
4400
4500
4400
4700
4R00
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H, N. VAN NESR

DEMAM FACTEH/
POKER =L (VOUBXYSO*TT /14, %43

TERMEJT & (oo st XOF (FRRER) #NEVEM
TFETERM Y (LE . (DU00IL) BB TR 3

JoF g1

FALTWR = FACTHR/J

IFtd = 100y e+ 2, &

SUM =z g

BE) 4 Ng"i J

SUm 2 BtiM o« TER® Ry

CONTIRLIF

RHORHESY = asSUN/AHER + BXPV (-GlelHRer?

PRC = WOGRHESTaLNPHI 1 w20 aRE A/WAVEEunsy

SSURS = 10.+ALARIAIPHE)

HE TURN

PRINT 7, TEKF{1,03

FERMaT{» SERLIES Wk S8UaS FALLED To CONVERGE FAFIOLY ENAUSH  #,
1£11,41

Star

END

LI ]

585
888
&S558
§85
888
§5%
858
8§88
888
888
8§58

588§
£88
885
§88
§5%
§8S

4980
OG0
s{0n
5200
BEGN
5400
5500
5400
5280
5ROA
segn

6300
&43n
&5080
8ATD0
&700
RGO
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SUBRBUTINE LATA(KCRAWOE ,RANGEY , THFTAR, [MDEXT HaN) DAT
DAT

DATA CAMPLTES THE VALUES BF RCPANGE(T), THETAR(I)}, RANGEL1(¢I), AND DAt
Ny WHERE N S TRE TOTAL NUMEER BF¥ SCATTERING POINT- To BE CONSIDERED.DAT
DAT

DIMENSIfN RCRANGE(L) » THETARCLY,T(4,RY\RENGEL(L) DaT

I =1 DAT
BIST = &g DAT
RANG) = RAN = DIS! DAT
INDEX = 1 DAT
INDEXY £ © AT
INDEX2 = 0 DAT

2 J = 1 DAT
RANI = RAN = RAMD DAT
TRAN = G DAT
DAT

THIS CAMPL TES HANGEL USED BY RAUTINF THAT CEMPUTES 'H {PRUPAGATIGON DAT
LASS BF AMY GAE RaY}, DAT
DAT

1 T€4,d) = SERT{TRANSTRAN + RANN®RAMD) DAT
INDEX2 = INPEXZ2 ¢ 1 DatT
RANGEL(INDEXRZ2Y)Y = T{(4,J) DAT
JEodo+ 1l DAt
TRAN = TRAN * DIST DAT

IF (TRAM,LE(320) GO 1 1 DAT

J B 1 DAT
TRAN = DAT

3 V0140 = SQLILTRANSTRAN + RANISRANM3) DAT
DAT

THIS PUTS FANGES [N PREPFR ARRAY TR RE USED HY SLRFSCAT DAT
DAT

RCRANGE ¢I8DEX) = T(1.,4) DAY

J s J + 1 DAT
TRAN = THAN + DIST Dat
INDEX = INDEX + 1 baT
IF(TRANLLE.35N) GM TG 3 DAT

J =1 DAT
TRAN = 1 DAT

& TL2,J) = TRAN DAT
TRAN = TKAN + D[S DAT

4 5 0 + 1 DAT
IF(TRAN ,LF,450) G40 Te 4 uat

o 6 J=1,R DAT
THETL = ATAMLTL2,J)/HAND) DAT
THETZ = ATAN(T(Z,J)/KAN3) DAT
TE30d) = 97,2950 {THETE + THET2) DAT
DAT

THIS PUTS THE1&k In PROPER ARRAY TO RE USED RY SIRFSCAT DAT
DAT

INDEXE = INLEX1 + 1 nATY

6 THETAR(INDEXL) = T(3,4) DAT
I =1+ 1 DAT
[F{1-9)90,10,10 DAT

9 RANO = -RAND -~ D57 DAY
lFliUﬂD - Rﬁhﬂ)?n?ljlp DAT

¢ 1 =1 DAT
Ge TP 9 DAT
112 CBNTINUF DAT
END DAT

19

nioo
0200
03on
p40n
0%00
0&00
0700
o800
oeno
1000
1100
1200
1300
1400
1500
1A00
1700
1R800
1300
2000
2100
27200
230N
2400
2500
2600
2700
2A00
2900
$0G60
3100
3200
3300
34Q0
3500
3400
3700
sa00
3900
4000
4100
4200
4300
4400
4500
4600
4700
4R00
4900
5000
5100
5200
5300
5400
5500
5600
s700
5800
5900
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SUBREUTINE CHMPUTE HURAN, HC, Z3U3an, WAVE, TEMP, SUMH, MY, W, GCY} H gLon
£ () gz2o00
C CEMPUTE & rHMPUIES THt STATTERING LESS FREM™ THE SOURCE T8 & [ iRy
C SCaTTERING PEINT (TL1), H AND SUMS THE EUUITVALFN! INTENSITIES, H o400
T 19*=+{n/310}, L] [iledinig
C H O&ada

COMMBMN/GSERATA/DUME ,DUMP, T1 2, BUME, LM, FREQ, LUM4, NLMG, 0O, STURS " groe

KR = RANSSCRTIF{GCI/SQRTIF LA, *HC LR Y M QRGN

GUAN = » R 23 ggoa

IF(QUAN,LT 4.1 DUAN = 1, b 1000

5 R = RANA{LOOQ.#SURTF{3, #nCT1 2] 1100

RAN = HANALOQO, [ 1200

2SUBLG = SHRTIF (ZSuHDsne) H 1360

ZEE = % 1 A 31l

ASURS = 3,20 SQORTF (WAVE*FHEQI/SQATF (I, #HC) H 1500

EAP = &, = {2105.44TEMP + 459 ,6) H 1600

FSURT = 1,23s10,%sg£XV K 1100

ALPHA = ,B5IFSURT*FREQ*«2/(FREQes2 + FSURT»a7) & GR269*FREQw2/FSH 1800

wUBT [} 1900

GOFZ 7 ,I%10.%%(2,3*{7RE = ZSUBOII*(FREN/ZH, Iwe(1./73,1 H 200n

FBFZEE = .4+10.+32EE W 21060

FAFZSUBN = ,4*1(. . wwZ5(HD [ 2704

FRFZED = ,4=1B.+4{ZEc - Z54H0) W 2358

FACTER & (FREQ/H,.Vewll, /3,1 H 2400

IF{FREG. LF,.B,} FACTHUR = 1, " 25448

WEFZZE & (FOPZER + FUFPZSURD + FREZEDF*FACTHR H ZAQD

REUHL = (2, - ZkE - IBURD1/4, = 270n

IF(RAN . REROLEBLY GB Te 1 ] ZRO0

TLE = Z20,*ALEGII(RANY + ALPHA®RAN « GAF7eRE/RELA1 « K0, H Fege

g8 T2 3 ¥ ings

1 IFER.GE RSURYL + .51 G0 Ty 2 [ iion

TLY = Z0,#ALEGIGIHAN] + ALPHA«RAN + Z,2(H - BuuByIsHRFZIe + {1, = M Iz2on0
F2.#{R - RSURLI}*GRFZ + §0, " 3300

Gg TA & [} l4gn

2 ARGY = (HSUML + .S)*SORTF (3. *nC) W 3580

TLY = 1n, AL EGLCTIRANT + RAN#LALPHE + ASUBE) + HAFZZ® - ASUHS*ARR1 KW IA0N

1+ 40, +A AGLTL(ARGIY + A, " 3700

I H s =Tt = TL? + S5UBS + 33,98 = QUAN®L, 64¢SQRTFINAVE*IREG*3, ) H 3800

c W 3900
g W 1S INCREMENTELD BY L10#ALE04A0¢2)r FOI SCATTRRING PRIKTS BFF THE bl 4000
C CENTER LINF T@ ACCOUNT FRR THE FHRAPAGATIAN (655 FREM THE SYMMLIRIC H 4100
¢ SQUARE ON ThF GFPESITE SILE BF THE CENTER LIAE, M 4206
c H 4300

[F{MX,NE 1) KW = H + 102ALAGL0L2,) H 4400

SUMK = SUMH + 10*s(H/10} B 4500

RaN = 1000, =RAaN H 44600

END 2 §700
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SUBROUTINE TABLE(MX) TAB
TAB
TABLE PRINTS BULT ValLug$ ®F K, 10L0G(SSUBS)y AND ANGRCVR [N TAB
TARULAR FO¥FEM, TAB
TAB
COMMEN/SSS LATAZANGSKEE s ANGRCVR,PLOSS,RR,RDFPIAFREQNOSRL,FLAG, TAB
1C@,85UBS TAB
COMMON/&/H TAB
DIMENS]IEN ARKAYH(H) ARRAYS(A),ARRAYA(R) TAR
DATA(] = 1000, (LINE = 21)
DATAU N = D ) TAB
IFt 1 - 100 > 4 7 TAB
7 PRINT $p TAB
JOOFORMATIL 40X » 1HM // 18% 4 1HO 4, 9X » 1W1 » 99X , 1HZ2 , TaB
19X , 1HZ , 9X 45 1H4 , 99X , 1HYH , X 1886 , 9% + tH7 / BX , 1HN /)TAB
I = 1 = 100 TAB
5 [ =1 +« 1 TAB
K = 3
ARRAYK(I) = b TAB
ARRAYS{1) = SS5UBS TAB
ARRAYA(1) = ANGRCVR T4B
IF t1,EG.MX) GO TO 2C TAB
10 RETURN TAB
201 =0 TAB
N & N + 1} TAB
JFIMX ECB.AND ARRAYSEE) .GE.~60,) K & (
M s MX =~ K
PRINT 4y (aRRAYH(JY:, J = 1, M)
PRINT 44, N, (ARRAYS(J), J = 51, W)
PRINT 42, (ARRAYAL{J): J = 1, M)
LINE = LJNE + ¢
IF(LINE,GE,%3) PRINT 44
IF(LINE,GE.B53) LINE = 0
40 FGRMAT(/, 13X, 3WMH , BUF8,72,2X)} TAR
41 FORMAT (1X,15%:,3»,7HSSUBS ,8(FB,2,2¥}) TAB
42 FORMAT(7X, 9FHANGRCVR » B(FB,?, 2X)} TAB
44 FORMAT(1HL)
END T4B

21

o100
0200
0300
0400
0500
04600
0700
o800
0900

1100
1200
1300
1400
1500
1600
1700

1800
1900
2000
2100
2200
2300
2400

2900
3000
3100

3zAa0
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SURRGUT INE AFOS AME f100
[ AME 0200
C AMPS COMPUTES ahBTnb~ VAt UE FER HT USING THE aMBS FGRMULATIANMS, AMB 02010

AME D400

COMMENZANDY ks ZSUHC, /ZFE, RAN, FRED, wWAVE, TE4E AMB O5g0
REAL LGTS1, L©SSZ AMD dspe
FRED = 2800 .wFHEQ AME Q700
ALPHAS = 3,.78*SuRTF{navE*FREG/(ION0 . xHY} AMA QROR

R s RAMAISQRIF(I,*»HI*IO0OT,) AME 4908
2280 = /Susu AME 1000
ZEURHO = SURTFLZSUHI/nG AMB 1140
ZENR = 7EE AME 1200
2EE = SrRIFEZIGESHY AME L300
FED = ZEE ~ £5Ue( AMB 1440
FRENDD = (FHRELQ/Z25Q00.1+%{1,/3,]} AME 1500
IF{ZED. AT 1.0 &2 T8 2 AME 1A00
GEFZET = (.iwl(,s«{2.3«Z2EN)I1#FREG® AMAB 1700
GE T& 3 AME 18Q0D

2 GEFZED = 20.%FREGT AMB 1900
T FERF7ED = 4+10,*2ZED AME 2500
FRFZ7EE = ,4»10.+%lktk AME Zi00
FOFZH = 4wl se7SURT axG 22008
WEFZ = FuFZYL + F8FZEE + FOFIn AMEM 2300
[F(FRED, LT 6000, T GU TH 4 AvE 2400
HEF7 = LRFZ=(FREQ/BOIO.Yex(] /3, aME 2900

d PAWER = &, = (2100, 7{TEMP + 459,617 AME ZATD
FSURT = 1,¥3s(10 weFRJdERY AMp 2700

i o= (bh1* L IFRES/L00%, y+32 ysFSURTALIFREN/IDOD . Jend + FSURT*+%211 + aAM@ ZATDOD

« , 0269={FHREG/LIUDT, 1022 /FSURT &ME 2900
IFEZ8Ut, 67,1 G Tl & A& J000
TFPZEE. 0T, 1,7 G% Tu b AME X145
q5uR: = {2, = ZEE - £SURBQ A4, AMB 4200
Ga TQ 7 AMQ S300

5 RSUBY = (1, - I5UHO1/4, + SNHATF{ZFE+¥7 =~ 1,145, AME 3400
G TE 7 aba 3500

6 RSUBY ¢ (SORIFLZBUHE*=Z - 1,1 + SORTF{IFEse2 - L, 345, AME 3600
7 VAL = AVSFLELeZENT - S, eH) aMe ITU0
GUA = AVSFI3.*¥27G0 = S.*R) AvMa IRON
TEST = 55, = SPATF(VALY - SARTFIQUAY + 5, wRAN/LTOT, AME 5900
IFtTEST.LE.. Y TERT = 0.t AFT 4000
LRSSY = ZO,ALBGICIRANY + Ae(RANZIUAO.) + TEST+FREGH M 4100
IF{R.GT ,RSUF1Y OB T8 10 AME 4200
LOSST = PO, #ALGLGINTKAR T ¢ A%IRANATGRO, ) + GOAF/ER*R/ARSUAL avg 4300
IFEZERE I F 1o AKD, JSUBL . LEWL .Y GB T8 8 AME 4400
IF(LBS8Y - LESSY) gy 92 9 AME 4500

8 FLOSS = L8551 AME 44068
GO TE 16 AMD 4700

9 PLBSS = LESSZ AME 4808
GE T@ ie AVD 4900
10 IF{R,BE,RSUL1+,0) GW T 14 aMe 5000
PLESS = FO.=ALERLTH{HAR) » LAeRANSLIOQA, » Z,.%{T - HRliH1 I »HBFEL + avag 5140
21, = P,%(R - HSUMLI)I=GAFZIED AMB S200
IFE7Subr,LE, 2. ) 69 TE 16 AMi B30T

11 1FLPLESS = LESSZ)Y 17, 13, 13 AME »400T

12 G& T& 14 AMB B5O8

13 PLESS = LMShe AME S400

GE TR 1+ AMB BYOR
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15
17
16
90
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FLOSS = 10.,+ALBGRLU(RAN) + (4 + ALPHAS)*RAN/1QUD. + HOF?7
*¥SERTF{x,*HI®{RSUHY + .S} + 10, *ALOBID(SARTF (3. *HI«(RSUEL ¢+
«30,

IFL75ULn,GY,3.) G2 Tw 15

GO T@ 14

IF(PLESS - LESS¢) 16, 17, 17

PLESS = LBSSNE

PRINT 9n, PLESS

FORMAT(BX®ANES FUORMULATIGNS GIVE *,Fb,1.* DR L855%)
RETURN

END

AME
+AMD
AMB
AMO
AMB
AM@
AMB
AMB
AME
AMD
AMB

23

SROD
5900
&Nn00
&10n
6200
6300
6400
4500
&600
6700
680N
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ENTRYFINITRTOR(RTER »

LIBRA&RYZ HUPHEFLER

(1TR1S COMMEN BLALCK GIVES THESE TWe VALURS TR SURBERJTINE CHPUTE W}
COMMAKISNUSPNSEZY iSURFACE VELGDITY,.BATTOM VELBCITY.»

COMMAON; SSSDATAIB)  ANGSRCE . ANGRCVR, P ASS,RR,AUEFTH,FRFJ. NESOL.FLAG ., »

CEMMENAPROF ILEL4DL2)07
MANTH, DAY, YEAR, LATITUDF.LEVGTTUDE , [DNG,
SRIGINATER(Z) .,
NREF NEFPTHS, BT BUNC MTHID,

UEFPTH TASLExNTIA0N0} . CESHUNDSPEEDN TABLF(ARQU). ASUBHNEXAITABLE (8001,

ASUBTWEXAZ2TARLE(LDDY, ASUBTHREEZAZTABLF{RDR).~,,
T DEFPTWZ 2 SULTx = LQ0002.00000,
RECEIVER DEPTHZ KCVR DEPTHZ ZSUBRGC = 000000,.00000,
RECEIVER RANGE = GOQCCOG.0300,
MEDE ; ANG,
NR BF A1S# NMBR CF ALS,
(#FPAGE FHZ273-21
C OF SOJARCExZ TX SBUND SPEED = 000G.0000.
HEDE DIRECTIoh,
MEDE NUMRER = 0C,
RANGEZ R{Z}=0=(,
DERIVATIVEZ niZ2i1z0x(,
RANGE S1GN 2 RS (d3s
DERIVATIVE SIGNE LS{21),
ERSILEN,
DELTAVE0GGD, 000G,
CASE NLUMBERZ CN,
YRR (&%,
VELECITYZX VIiZi=0%(,
¥oMadg BAXIMUM YELBCTTY, TINMIVL,
INITIAL VELUWCITY=0000.0000,
MAXVAKPROFILERQONQ. 0000, MAXPROFILEDEFTHSQUQN, 0000, 11,
CMXZTAB (1iDo1Y,
CHMTE C MAX Tasle (10UJ.n
MAIN PREGRAM DIMEASIONINGE,,
INTERVAL SI1ZFs4.0
ATIN FACTER, F5Q,n
INTTPTGP 1. I TXLEPTH, 1,5«37|RHM,
FiLaG £ § 3 ROFRYFLE A =~
97424 2034 VreaX, 1.u*-51EPSILON, PRAFILE LABEL.,
CEMPUTE ATTn FACTHR, NR BF DEPTHS ~1 t NR BOF A1S.,
ROEPTRIRCYHDFPTH,
SEARCH, NREFA1S1ETTIAM INDEX, CLROTTIAM INDEXIIBOTTEH VELACITY,
(MAXVANPROFILE~INLIYIALVELGCITYIZINTERVALSIZEIDELTAY,
ADPRAINF D,
CITHI I TXSNDSPD | TXSQUNUSPEED, CIRRITIRCSNDSPD,
4 IMEDE
PIBPIARRIRECFIVERRANGE JNEWMBDE (EXITPTOPINEXTTRCINEXTHEDEL ¢
END AF RUNZE. .,
LSTVINCFLAGH
NEW MEDESR
»INITLIAL VELFLITY + EPSILEN ¢ ¥ + RELTA ¥ | ¥4}, 31 | NBSOLs
QILSTVINCFLAG,
MERE < BY
= 1 | MEDF DikECTIGN, % MGDE $ & MINE RUMRER~ (¥ 4P}
i | MOnE DIRKECTIEN, MEDE | M@DE NUMBERA (# DEWNI
TRACE RAY (%, 0~ FANGE, DERIVATIVE, RANGE SI6GN, DERIVATIVE SIGN}.

PTROOLIOD
FTRO0ZOR
pIRBAZOL
PTPOQ400
PTFOOS00
PYIPLOSED
FTIPOO700
PYFOQOQRQD
PTPOOSOD
PIPALAQD
RTPDL1LOO
PYPOLZ0T
PIPRLATD
PTROLI400
PTPO1500
FYPRL40D
PYPOL7OO
PTPOLBOD
rIPRLISOE
PTRAZOG0
pTPOZi0D
pYPO2200
PTPOZI00
PTRPOZ400
PIPOZSQO
PIPD24AGE
PTRPOZ?00O
pTRAZALN
PIPDEZSOD
PTPII0G0
PTRPOSLEGO
PIPO3ZO0
pTRQLIGH
PTPO34C0
PTPO3SON
PTPE340D
FIPB3ITOG
PYFOZADD

- PYRO3SED

PIPQ40QND
PTPO4100
PTPO&ZLN
PTPN4A30D
PTPO&AGD
eIPN4sQn
FTRN4400
BIPO4ATAN
PYPB4RED
PTRPO&TGD
pYRBENLD
PTPOSIOT
PTIPARZRG
PIPRS3ION
PIPQR4Q0
PTPOSSED
BIPOBALT
PTPOBTOD



DETERMINE CaSEF

TRAGE RAY (VI(i],

E SIGNIL)),
RAY TRACE MATRIX (RS, HSI1i}. DS, DSI[1)m CASE NULMRER),
CASE SWITCK fCN],
CASE SwlTCH2
CASE 0,
CASE 1.
CASE 20,
CASE 3¢,
CASE Q# NEXT INCKEMENT,
(RPAGE F5273-5)
CASE 1#
CASE 1 FUNCTIGN (¥, VIl RI11, RS, RS[1)» VRR, VRRI[1]).
TRACF SBLUTIAN RAYS (VR [1)m), MEXT INCREMENT.
CASE 202
CASE 20 FUNCYTIBN (V, VI[1). H{1), RS, RSI[1}. DS, DS[{1)~
VHR, VRK(1), VRRIZ21, VRRI31),
VRR = 02
MEXT INCREMENT ,~
TRACE SGLUTImN RAYS (VRR, VRRI1]m),
TRACE SOLUTIAN RAYS (VRR[Z2), VRR[31n}, NEXT INCREMENT,
CASE 31#
CASE 31 FUNCTIEGN (V, Vi), R[1)s RS, RSI11, DS, DSI1ln
VRR, VRRI1), VRE[2),» VRRI3), VRR!4], VRRIS!},
TRACE SQLUTIPN RAYS (VHR, VRR[1)m},
YRR (2] = 0F
NEXT INCREMENT . A
TRACE SOLUTION RAYS (VRHRIZ), VRRIIIAY,
TRACE SOLUTIAN RAYS (VRRI4), VRR[B1m)Y, NEXT INCREMENT,

(APAGE F5273r6)

NEXT INCREMENTZ

VILi) | V ¢ DFLTA Vv | V RANGE [1} | RAMNGF,
DERIVAYIVEIL1) | LERIVATIVE, RANGE SIGN [1) | RANGE SIGN,
DERIVATIVE SIGN 1) 1 DERIVATIVE SIGN,

VI1) < MAX Vv GN FROFILEZ

DETERMINE CASE,.n
LSTVINCFLAGERZ

1ILSTVINCFLAG,

DETERMINE CASE.n

LAST

TRACE RAY (VyMAX, Or RANGELL1),,

RANGE SIGN [1] = RANGE SIGNZ

VINCREMFNTZ

END @F M@DE.w

CASE

4 FUNCTIGN (V, VMAX,
TRACE SGLUTIAN RAYS

END OF MBDE#s,,
AVEQDQ0O,00G,~
TRACE SGLUTIAN RAYS (V

ATTN

(2), PRAP (2), ANGLE.

0~ RANGE(1),

tVRR,

NRL REPORT 7108

DERIVATIVE (1],

Kii1)s RS, RS([1])m~ VRR, VRRI1)),
VRR[1}=),

MAXVEONPROFILE|V[1],

RANGE SIGM[1]).

R (2), TT {23, St (2},
(2

= 0%n, TSTEMP,)#

»TRACE RAY(V,1AR)+TRACE RAY(V[1],1~RI11).
(RECEIVER RANGE « R} /
INTERP (TS TEMP, v, v [11~ VY,

FIND

TRAGE RAY (V, 1m Ry 1V,., SL»
ANGLE (vm ANGLE), ATTN + S|
NESBL

01

-~ R) | TSTEMP,

ATTNY,
| PR3P,

ANGLF | ANGSRCE s PREFIPLESS EXITPTOP. ¢

RANGE SIGN (1],

25

PTRPOBROD

NERIVATIVPTPOS%00

PTPD&ODN
PTPO&100
PTPD6200
PTPOG3ON
PTPO&40D
PTPO650D
PTPD&GON
PTYP0N&70N
PTPDE&SOD
PTPO6900
PTPOT000
PYPD7100
FTPO7200
FPTRPO7300
PTPQ7400D
PTPO7500
PTPDO7600
PTPD7700
PTPO7800
PTPO7900
FTPGBOOD
PTPO810D
PTPOBZ00
PTPOB3O0
PTPOB400D
PTPOBSOD
FTPOB60D
PTPOBT700
FTPOBA0O
PTPD8900
PTPOSO00
PTPOS100
PTPOS200
PTRD9300
PTPDZ400
PTPDOS00
PTPO%6G0
PTPO9700
PTPOS&E0D
PTPOSSDO
PTPLO00O
PTP10100D
PTFigz00
PTP10300
PYP10400
PTPLD50N
PTP10400
PTR10700
PTP10BOD
PTP10900
PTF11000
PTP11100
PTP11200
PTP11300
PTP11400
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FIND ANGLE ¥, ARG, }F

«TX SEUND SPFED # V | ANG, ARCCES (AMEA ANGY.

ANG & 57 ,2957795 ( ANGs

INTERP {RATIA, X {2, MALYX +RATIE@ * {¥X 1} = X} + X | ¥Ya_s
UD=00,MM=00,Y¥=0G00,LBNG=LO0, 00, AT=000.00,i0=11],8THNE=000,
ARIGIZ) = [ZrAAARAAL,

DONC BUFF=00NQO0,

MTHD BUFfFe=00,

FREQUENCY = o6000,800,n

PREF ILE LABE[ 2+

DAY (DD ;MANTHIMM, YEARTYY, [ ONGITUDF [LONG,LATITUDE[LAT,IDNB{ID,
#TI8TNG, BRIGINATERIGRIG,

DRIGINATARTILY | ®HIGILT,

NENCIDEBNEBUFF, MTRD | MTHDRUFF,

PRPRINTERS>A €< PEINTE TE% POINTE RAYS TRACIKG »>2.,
< PRAFILES INFQRENMATION >>, :
«<IDATEXIMMIDDIYY >
C<TLATITUDE>RLAT>
CSETLONGITUDE»BLONG>
<<P[OENG,>»1D>
CCORIGINATOH»SBRTIGIORIG[1 >0
ADPROINFAZ=
sHCCHMAY Ry SANSPFROFILE+E>»MAXYONPRAFILE>
< DEPTRESF IM A XSV ENSPHAF TLESSMANPREF ILENEP TH
CSINITIALSVE GUITYES>INITIALVELACITY>
<<DELTASVELBCITYSS2DELTAVS>
CLINTERVALESTZES* > INTERVALSIZE> 50
CEMPUTE ATTN FACTERZ
+EFRED *= FRED | FSL » .04 / {4100.,0 + FSRY + 2,75 = -7 x FS§
i ATTN FACTHR &, .

7

(RFPAGE F5494-11}

RANGE MAXIMUm¥ R¥,

PATR LENGTH,

MEBDE COUNT,

CB5 THETA SuUep, TaN THETA SUBQ,

TEMP {57,

UP @R DaWy, =1, LE,

LBls LBL, (RFLERFR AND UPPER BBUNDARY INDICES)
VERTEX FLAG,

IR FLAG,

dBUNCE FLAG,

ZRISTING FLanr,

APEX, NADIR.

ABL, NRI, tXAPEXY AND NADIR ROUNOARY INDIGES)
BOTTHM INDEX, SUWRFACE INDEX,

HALF CYCLE Fl &G,

RANGE TARLE 1001},

TRAVEL TIME TasiLer (1.0G12.

DERFVATIVE TaBLE (103},

PATH LENGTH Ta®LE (130).~

(RPAGE £5494,21

TRACE RAY (v, SHLLTION FLAR, RANGE., DERIVATIVE,

HANGE 5iGN, FEFIVATIVE SIGN, THAVELTIMFE, SPRN LEUSS. ATTENUATION.}Z
<0 | RANGE | UERIVATIVE | MODE CRUNT | WaLF CYCLF FLAG | APEX

NA |
bOVERTEX FLAR | BEUNCE FLAG + ZRFLAG | IRISTING FLAG,

FTRL1500
PTPL1A0D
FTP1i700
PTPL180¢
PTPL1900
PYP12000
PTPY2100
PIFLZZO0
PTPL2300
PTPL2400
PTP12500
PTP12400
BPIPL2700
PTPLZRON
BYRL2000
PIPL3000
PTP13100
PTPL3200
RTPLI30D
PTRL3400
FTP{350n
PTPL3600
PTPLI7A0
RTP1IR0D
PTRL3I%00
PTP140G0
PTPL4100
PTPL4200
PTRL430S
PTPL440E
FYP145(n
PTP14400
PTPL4ATOO
PYPL4ROD
PIPL45ED
PTPIS0ON
PTRPL5100
PTPLE2 00
PTPLS30S
PTP15400
PTRLES0S
PIPL5400
RYRLETND
PIPL5800
FTPL5300
PYPL4DG0
PTPL6100
PIR16700
PIP1&3RD
FTR16400
PTP14500
PTPLAANN
PIPL&7E0
PTPLARTD

1RTRLIER0D

PIPLZOON
pYRL7404



| TRaVEL TIME | SLRF
Vv = TX SOUND SPEELZ
FIND LIRECTIPNZ

vV > CMT [TBI - 1]

NRL REPORT 7108

ACE INDEX | PATH LFNRTH,

Z

V <« CuT [Tk] + 112
~ 3 | MECE DIRECTI@N~ ERRAR [NL.,~ (ZNADIR)
V o» CMY (TRI+1)#

1 | mepk DI

RECT[UN~ ERROR INC.m»
1 | ZR FLAG | ZR1STINC FLAG, 1.0 | CBSTHETA SUBO,

0 | TANTHFTA SUBQ, CoMT,~

C BF SPURCE , V | COS5 THE'A SUBG,
TEMP = 1,0 | TEMP [1}, SORT (TEMP (11a TAN THETA SUBD),

CONT 2
MEDE DIRECTImN | LP
TBl = BOTTOM [NDEA#
=UP R DOWN | LP
TE] = 0¥
=UP BR DOWN | LP
DrwNz TB] | L¥] |

BR DAOWN = 1% (k1.

AR [OWN, UP, DOWN,~

PR DEWN, DOWN, UP,~
L& | Wi + 1 | URL,

Upz TER1 | URL | LO® | HI -1 | LBI,

CONTLX

IRISTING FLAG ( 0 = UP QK DOWN 1 UP 3R DOHNmA

[APAGE ¥5494.-3)
NEXT LAyFRZ
UP BR DOWN = 1¥#
L3l = RBIZ
INCREASE MELE
URl = RBI»®
INCREASE MOGLE
CYUNTINUE TRACING,

INCREASE MODF COUNTZ
M@DE CEUNT + 3} | MODE GOUNT "2

SET SIGNS,m
CAGNTINUE TRACINGZ2

HALF CYCLE FLAG ( 02

BRIC,»

LBl 2 LO J U] S HIZ

BRIC,:~

SBLUTION FLAG 3 1%
COMPUTE RANGE (V,
RANGE TABLE ILBI)

TRAVEL TIME TaABLE

COMPUTE RANGE (V,

DERIVATIVE TARLE
(XPAGE F5494-4)
ZRIST INC FLAG ( 0%

CAOUNT cmm

COUNT . nn

LBLr SOLUTIAN FLAGA
¢ DERIVATIVE TaBLE (LBI!].

[Leli, PATH LENGTH TARLF tLBI1,
LBl, 0~ RANGE TABLE
ILBI),ss VERTEX FLAG}m

0 | ZRISTINC FLAG,

MADE DIRECTION =
Hl « 1 { H! |
HL = 1 | Hi |
BRIC,»

VP @R DOWN = 1%
HI + 1 | Hle
L8 - 1§ LG~
VERTEX FLAG = 0#
BRIC,n
UP BR DEWN = 17

1z
L=
L@~

(EVERTEXED)

MEDE NUMBER#Z

E.

CONTY,

1 1 ABI,

(#APEX)

1,0 7/ COS THETA SUBD

DBWN)

fLarl,

VERTEX FLAGIw

27

PTP17200
PTP17300
PYPL7400
PTPL7500
PTP17600
PTP17700
PTPL7800
PTPL7900
PTP18000
PTP18400
PTP18200
PTPL8300
PTP1B400
PTP48500
PTP18400
PTP18700
PTP18A00
PTP18900
PTP16000
PTP19400
PTP19200
PTP19300
PTP19400
rTP19500
PTP19600
PTPL9700
PTP19800
PTP19900
PTP20000
PTP20400
PTP20200
PTP20300
PTP20400
PTP20500
PYP20600
PTP20700
PTP20800
PTP20900D
PTP21000
PTP21100
PTP21200
PTP21300
PTP21400
PTP21500
PTP24600
PTP21700
PTP21800
PTP21900
PTP22000
PTP22100
PTP22200
PTP22300
PTP22400
PTP22500
PYP22600
PTP22700
PTP22800
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1 F Nan[R, (B[] t N&[ £ RHIZ
SOLLTIAN FLARL{OZ KOVR WUTSIDE.n
NEXT INCHEMENT,nnm
1 | APEX. LBI 1 &80 » RBl2
SELUTIAN FLANIDE HOYR GuTSINE, A
NEXT INUHEMENT, ~n
CONT VERTEXZ
APEX = NADIR 7 HELNCE FLAG = 17
t ) HALS CYCLE FlLkGanm
O t VERTEX FLAG,
RYPASS HANGE INCHEEMENT CEMPUTATIANY BRILCH
RANGE + RANGE TawLE (LBII © RANGF > RANGE MaX¥[Miws
SEXT INCREMENT .o
IR FLAG t 02
ATT,m
SOLUTIEN FLAD {02
PaTw LENGTH « PATH LENGTH TARLE [L81] | PATH LENGTHmm
DERIVATIVE TadlE (LHT] + UERIVATIVE | DERIVATIVE,
ATT# TRAVEL TIME + TRAVEL TIME TABLE [L8TI  TRAVEL TIME,
{EPAGE F 349U4+5]
UBI = NB! 7 tB] = adl#
MCAVTX, (#RAY mWAS VERTEXED?T
UBL » BOTTIAM |NDEXE
AVEX ¥ 12
1 | HaLF CYCLEFLAGAn 1 | QAUNCE FLAG: FRHH,
LBl € SURFACE INUEXZ
NADIH = 17
1 | HatF CYCLE FLAG~s 1 | BAUNCE FLAG, REB., NBPRRV,=
HWB#
LZRAY »AS BEUNCED)
RANGF TARLE (LH1] + HANGE | RANGE,
NERIVATIVE TamlE (LBI) + LEHIVATIVE | DERIVATIVE,
SELYTIEN Flhanc { u#
TRAVEL Tive « TRAVEL TIME TARLE [L31] | TRAVEL TIvE,
PaTh LENGTH + PATH LENGTH TABLE [LBI1 | PATh LENGTHAA~
{#MEDE CAUNT MAY KNEEU T Br INURFASED 1F RAY WAS VERTEXED
THE RECQEIYER NEFTH NECESSTITATING THYS DAURLE CHECK HMIpH
AT THE ENTRY POINT  seNEXT _AYER#*}
MOCAVIXZMEDE CHECK AT VERKIEXZ
“UPHRDOBWNIUFERDS RN 1 #
LET{REIZABORY . nn
UBT4RBIZ BRRV . ne
MEDE COUNT+1IMODEF CHUNT2MENE AIMEERE
SET SIGAKES,
NG BAUNCE @R VERTEXZ2 NigRvz
(APAGE F5494-b1)
UP &R DEWN = 17
el § LBL ¢+ 1 ) UxR[-
Rl 1 UBL = 1 LRI~
MEXT LAYEH,
SET SIGNSE
IR FLAG { Q=
g 1 IRFLAG,
TRACE RAY EX1T.~
RANGEF 2 RECETVER KANGEZ
1 | RANGE SIGH:=~
=1 { RANGE S]10AAN

PTR2Z900
pYR2Z0CH
PYP23100
FIPZ3ZQ0
2YRIZIILL
PTP23400
pYRZ2Z308
PIP23600
PTP2374n
PTP2Z800
PYR23500
PTP24000
PTR244008
PTP24200
FIPZ4X{(N
FPIP24400
PTPZ4500
PYP24400
PTP24700
PTPI4800
PYP24900
PTPZ5000
PTR25160
pTP2h200
PIPRI5308
PTP244QD
FTFZES0D
PTP25400
PTP25700
rYIP2520D
PTP259Q0
pIF24048
PTP24100
PTPZ4Z0D
PIP24300

UR RAUNCED ATPTIPZAQ(D

1S oBNE

RYF2ESON
PIP2aKON
PTPZ6700
PTP24880
PTP2690D
RPTP27AGH
PTP27100
RYR27206
PTPP7300
PYPZT400
PTP2TI50E
RTPZT&O0
PTR27700
pTRPZ7800
PTR27900
PIPZROGD
BRTPZE405
PIP2RZOD
PTPZ830D
FIP23400
PTP2B500
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DERIVATIVE 2 D¥ : PTP28600
1 | DERIVATIVE S[GN~ PYRP2B700
=1 | DERIVATIVE S1ghA PTP2880Q0

SOLUTIGN FLAG = 0x~ PTPZA90N

CAMPUTE SPREADING LusbSz PTR29000

UP 8RR DOWN { 1¥ ) PTP29100

{COMMENTZ THESE ALTERNATIVFES ARE RFVEARSEN WHEN COMFARED TO THE BNES PTP29200

IN THE RAY TRACE PREGHA&M. THIS 1§ DUE TA THF FACT THAT THE PTP29300

LBI AND LiB] WAVE ALREADY BEEN INCREMENTED [DECREMENTED) PRIOR Y8 PTP29400

THE M@DE COUNT CHECK,? PTP26500
C (UBI] / ¥ | TEMPa PTP29400
CILRIV/V|TEMPA PTP29700

ARCCOS{TEMPAANGRCVR) v ANGRCVR 57 ,2957795 ANGRCVR, PTP29R0N

TEMP=1,0% PTP29900

TRACF RAY EX!T,n PTR3pOON

1.0 = TEMP » TEMF | TEMP, SURT (TEMPa TEMP), PTP30100

PRANGE # DERIVATIVE » TEMP/COSTHETA SJR 0% § TEMP, PTPID200

LBG (TEMPA THMP), 10,0 = TEMP | SPRD M5%, PTPINZ0D

COMPUTE ATTENULATIENZ PTP30400

ATTN FACTBR % PATH LENGTH | ATTENUATIONA PTP30500

TRACE RAY EXIT. PTYP3060D

{ZPAGE F5494.7) FTP3IC700

ERRGR INC# ;«FPRINTER «<>m <CYAUTHAVFSCHPSFNSATRRFLATIVES PTP30800

MAX [MUMBAFEMINIMUNMBONETRESPROGF ILE>> <<ASEYOURS PTP3090D

VERTEXSVELGCITY,>>s PTP31000

TRACE RAY ExIT, PTP3I1100

RCYR GUTSITES PYR3I1200

(#IT 1S PESSTBLE THAT THE RAY COULD HAVE VERTEXED AT THE RECEIVER LAYERPTP3I130D

AND THEREFGBRE [T SH®ULD B: CHECKEN REFGRE SAYING THE RECEIVER 1§ PTRPI1400
QUTSIDE THE RAY PATH,) PYR3I1500

UPBRNOWN=1# PTP31400

$2[1)+RCVR DEPTH$<Q,1# PYP31700
CONT VERTEX.ma PTP31800
$7-RCVR DPFPTH$<0.1% PTPI1900
CENT VERTEX,mm PTR3Z2000
12PRINTER<< [MESRECEIVERSISSLACATENSEI THEREARPVESARS PYRP32100

BELOWESTHESRAYEPATR>> » PTP32200

TRACE RAY EX1TZ8,. PTP32300

RCK(4), PTP32400

RKEY, PTR32500

2 (2. PTP32600

Al. A2, A3, PTP3I2700

VsQ, PTP32800

ALPHA. BETA (2, PTP32900

RENG, PTP3300D

TANTHETA (23, PTP33100

BETATS. PTP3I3200

REATL = 0«0, ROOTZ2 = p=*0, PTP3I3300

CMAXIN LAYER,» PTP3IJ4AD0

(ZTH1S FLOWECHART CONTAINS COMPUTE RAMGF FUNCTIENS PTP33500

WHICH COMPFUTF RANGE, DERIVATIVE AND TRAVEL TIME) PTP33400

(EPAGE F5494.8) PTP33700

CAMPUTE RANGF (V SUBX. TABLE [NDEXXT1, SF, RSUBI. OSUH!, TSUBI, PL SURIPTP3IZAQNG

« VF)# PTP33900

+DEPTHM TABLE (TI) | Z, DEPTH TABLE ([T1+11 | Zl1), PTP34000

ALTARLE (T1) | AL, A2 TABLE [T1] | A2, A3 TARLE [TI) | A3, PTP34100

FIND ALPHAZ PTPI4200
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4,0 « &1 | TEMP, A2 * 22 ( TEMP 1L}, PTP34300
V SUHX s ¥ SUBX | VSO + a3 | TEMPIR), PIRP3I4450
TEMP » (TEMPI2) » 1,0} ~ VS # TEMPI1) | ALPHA, PTP3I45Q0
(ETHE FRLLOWING ¥ LINES CHECK FQR VERTEXTING RETWEEN LAYERSY FTP3I4400
&1 € 0 PTIP3470T
¥TLA VSUBY > CITI+1t 1 v3ugx » CITI1# FTP34B00

NB VERTEX IM LAYEH, pPTRIL4900
YERTEX IN LAYER,~ PTP3S0Q0
~hk2itE,.0 » ALY 1 TEMPLI1. PTERSLION

L < TEMPIZ] < Zl1l&n~ V71, PTRIS200

€ Max Takig [T} + € MAYX IN LAYER 2 V SUBX? PTPISIOD
VERTEX IN LAYENZ 1 | VFm PTP3IS400

NG VERTFX IN LAYERZ C | VFanm PIPISSQ0
(XPAGE F549%409) PTPISAGD
{RTHE FELLEGWING 13 LINES DETERMINE WHICH RANGE £0UATION PTPIS700
SHaULD BE USED!) PTPISRON
YF = {# PTPISOONA
AL > o2 PTRARSO0E

1 i RENfIm PTPI&L10D

2 | RErfnn RYRIL2DS

it > 62 PTPIAINN

UP @R niky = iz PTRIL400

F | RENB~ FTPI&SLT

&5 | RENHAn PTPXs&00

UP GR rBuwy = i~ PTRISTOD

5 | REnNGm PIPIARAD

4 | RENEmnAa pTRISSDS

{EPAGE #5494-107 PIPI7 0G0
RANGESW] % FTPITL00
FIND BETASH PTRIZ20Y
Z2:0 » A% | TEMP[4] » Z + A2 | HETA, PTPIZIND
TEMP 141 = Zril « 42 | BETAIL], PYRITALS
RANGE SWITCH [HERG-11. PIPRZ730ND
RANGE SHITCHZ PYPITA0D
RANGE EQUATIAN 1, PIPI7TON
RANGE EQUATIGN 2, RTRIZA0N
RANGE EQUATIAN &, PYRITSOG
RANGE EQUATIGN 4, PTPIROQND
RANGE EQUATIAN 5, PTP38100
RANGF EQUATIAN 34, FTPIRFOL
{EPAGE F5494=-11) PTP3830Y
RANGE EQUATISON 17 PTP3IB40D
RANGE FUNCTIFN 40V SUBX, BETA, BETA !117; ALPHAs RSURBI}, CB, pPYRIBSHE
RANGE EQUATIAN 27 FTPIGHOY
RANGE FUNCTISN ZUVSUSX, BETA, BETAT1]. ALPHA~ RSUFTY. 0. PYPIATNA
RANGF EQUAT)IAN Ir PTP3I8R00
RANGE FUNCT1®N J(VSUSHK, HETA, ALFHA~ RSURIY, CE, Frrigsgn
RANGF EQUATIRN 42 BIPRS00
RANGF FUNCTIGN 41vSU~X, BETA ftj. aLPHa~ BSURIY, CU. FTP3IVIQN
RANGE EQUATIAN B2 pYRIG20S
HANGE FUNCTIGN S(VSUHX, BETA, ALPHAA RSURIY, CD, PTP3IFIND
RANGE EQUATIRN Jasz BYPIGAND
RANGE FUNCTIRN Z{vSUNX, BETA[L!, ALPHA~ RSURIY, PYP3I9SGD
{RPAGE F5494-12) FTP3IGATD
CEBMPUTE DERIVATIVEZ Chx PIP3IS7OD
vF = 12 PTPIQADN
UP @R U@we = 12 PTRIQQDN

+
. O OO - @ 0 "]
I
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TAN THETA FLNCTEUN (Z~ TAN THETA), BETA | RETA TSa PTP4Q0O00

TAN THETA FUNCTI®ON (7 [1)a TAN THETA), BETA (1) | BETA TSa PTP40100

ZR FLAR { G2 PYP40200
CAOMPUTE TRAVEL TIME.m PTP40300

$TAN THETA SUBD = (RSUS[ + 4,0 = BFTA TS / (ALPHA * TAN THETA))® | DSUBPTP40400
I~ PTPA0CS0D
TAN THETA FUNCTI®Y (Z~ TaAN THETA), PTP40400
TANTRETA=0# PTP40700
12 <<TANTSTHETASZERD, 225 OvR2na PTP40R00
TAN THETA FUNCTIBON {ZI1)m TAN THETAIL11). PTP4QS0D

2R FLAG { 0F PTP41000
CAOMPUTE TRAVEL TIME,n PTP41400
~5TAN THETA SLED * tRSUBI + (2,0/ALPHA) * . PTP41200
(HETAIL)/TAN THETA [1) - BETA/TAN THETA)) § | D SUBI= PTP41300

SF = 0# EXIT COMFULTE RANGE.n \ PTP441400
(# TRAVEL TIME COMPUTED SINCE THIS [S A S@LUTIEN RAY) . PTP41500
CEMPUTE TRAVFL TIMEZX PTP41400
0+25/0A1 * VSUBX) | TEMP, ALPHA + B8,0%a1 | TEMP (11, PTP41700
2,0 « BETATS » Tah THETA | TEMP (21, PTP418Q0
VF = 1% PTP41%00
WP ER DOwn = 1% ' PTR42000

= TEMP 12) | TEMP (2]na PTR4Z100

TEMP » (TeMP (2] « 0,% = TEMP (1] ¢ RSURIY | T SUR]~A PTP42200
TEMP & (B8FTA[1] & TanN THETA (1}~ RETA ¥ TAN THETA + PTP42300
0.5 » TEMP {1 « RS5UBL) | TSURI~ PTP42400
{EPAGE F 5494~13) PYP42500
FIND PATH LENGTHZ PTP42500
IR FLAG ( QF# PTP42700
EXIT COMPUTE RANGE.s PTP42AD0

YF 3 1#a PTP42900
2 111 = 7 | PLSUB! » PLSUBI « RSUBI » RSURI | PLSUBI, PTP430Q0
SART (PLSUE!I~ PLSUBI), EXIT CAMPUTE RANGE, PTP43100
FIND VERTEXING DEFTHZ FyDZ PTP43200
SBLVYE QUAD IN Z (Vv SUBX, Al. A2, A3~ RMQTY, ROGT2), PTP43300
2 £ REATY € 7 [11% (ZCOMPAR]SON wi) PTP43400
I £ ROET 2 S 2 1)z PTP43500

UP BOR rouWnN { 1r PTP43600

RABT A » RE%T 27 PTP4Z700

ROBT 2 | Zm PTP43ROD

FEAT 1 | Zmm PTP43900

REOT 1 > REOMT 27 PTP44000

REBT 3 | 2 [1la PTP44100

FEOT 2 | Z [1Llmannm PTP44200

UP GR powN { 1% PTP44300

REAT 1 | Z~a PTP44400

REET 1 1 4 (Lllnnna (ZEND AFf TRUE wi)} PTP44500

(KPAGE F 5494+14) PTF446400
2 % REET 2 < Z (112 (ZBEGIN FALSE wvi) PTP44700
LUP BR DOWNn ({ 17 PYP44800
REOT 2 | 2~ PTP44900

REAT 2 | 2 [L1mn PTP45000

DHLE CK RMOT.~ PTP45400
FPLZE Z {4) = Z | PLSUBL » PLSUHI + (RSUB! * RSUHI) / 4,0 | PLSUBI, PTFP45200
SQRT (PLSUBL~ PLSLHALY, 2.0 = PLSUB] | PLSURY, PTP45300
EXIT COMPUTE RANGE. PTP45400
RE8T ERRAR# PTP45500
¢+ << ERROR T IN & PATHK % LENGTH $§ CAMPUTATIEN >>» PTP456400
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€€ BuTh F RE:TS F BF § QUANTRATIC T ARE $ QUTSITE % LAYEK >»
<€ HAET 4% = > AuiEl 1>
CCRAMT2%=>REFT2> 3, NEXT MRDUF,
DELE (K ROETY
$Z-BRET1T IR0 ,;
$¢-RRETZ2F(REKIL ),
$Z111-RaAT124RCK 2],
FZ{11~RunT2+iRCKII},
ROK<HCK I 12
RECK<RCKIZ21Z
ACK<ROK 37
GIRKEYm
ZlRrEYmr
RCK{Z2leHOCKIZ1E
ZIHKEYA
ZIRvEYnmn
ROCKI1IT<RCK[2]F
ROKI1]<ROKI 312
1IRKEYA
IIlHkEYam
ROKI2)«REKLI SR
ZIigeEYn
ItRYEYnns
ROK{RKEY <O, 1#~
REAT ERRER,
SETVNI{RKEY].
SETynz
SETRCK,
SETRCKY «
SETRCK2,
SETROKE,
SETRCKE ROET4[I,FPL.
SETRCKAZREBTZ1Z,FPL,
SETROKZZREATII ZI1].FPL,
SETROKI)ROATZ L L).FPL,
EXIT COMPUTE RANGE?
IR1ISTING FLan (U2
Gt ¥Fy -UP Gk UBWN | UP OR DRWN,
ASLRL 7 2.0 1 WSU<l, THURT 7 2.0 | TSUHETAA,
{RPAGE + 54G4+~15)

SgLV¥E QUaD [s Z (MO = e, A0 = 0%0, AZ20 = Nwd, A3g =T g0y Ri. RZ,
{4y, 4%
=¥G =« Vgt T® « TS | 1S {1},

4,0 » TS = a4 = (15 « R34 -~ 4,0) | 75 (21,
TE ft) =+ aRQ + AxG - T3 {2} + YS 13} ¢ 02
CI3C EdRMP ,
SGRT (TS (21~ TS (3},
»{T3 ¢ A20 - TS5 t81F 7 (2.0 » TS = A13Y [ Hi,
={TS & A20 + 15 131} 4 (2.0 + TS5 = 443} ! R2, SgrY.
GISC ERRORZ, =<>n << RHRGOK % [N & PATH § LENNTE % COMPUTATIGN »>
€ ¥ % oz o> yr g &1 4 =2 > AL1Q> << A2 % = »AZ0» < AZE => AIN»s
s NEXT ™uankE,
SQEXT,
TAN THETA FurCTIfNn (D2, TTITS,32
»VS0 (Al « NZ &« 07 + 42 « D7 + A3)Y = 1,0 | 177S,
SQRY {TYIS~ 17T1Srs..
7

PTEAS 700
BTRASRDE
PTP455Q0
PTP46O0D
PTRP4&100
PIP4&200
RTP4s300
PTR44400
PTP4&SON
RTP448DD
PTP46700
PTP4&80D
RTP44000
PTP4700Q0
PTR4TINY
PTP42200

PTP4730D

PTR4TADD
PTP47500
PIPATANA
PTIP47700
PTP4T7RQD
PTR47900
PTP4BDON
PTPABL0O
PTP48200
PTP4EX00
PYP48400
PTP48500
PTP4840D
PTP&8700
PTR4BRG0
PTIP4850H
PTP&SOON
PTR4%10R
BTP&GPON
PTR49300
PTP494GD
PTP4gsAn
PTP4GAGD
PTRASTON
PTR4GADO
ETE4YOGN
PTRSHO0D
BYPSE1ED
PIPERIQD
PTRSE300
PTPSO400
RIRELSOS
PTRS 0400
PTPSO700
PTPSOADD
PTPS0900
PTPS1000
$TP51100
PYPS29D
PTPSIZON
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(ZPAGE F5494-186)
VvBL{2).
VB Sa(2).
RE TEMP(R),
Pl BVER Twl = 1.5/079642/8~
RANGE FUNCTIFNSZ
RANGE FUNCTIFN 1(VEE, H(2}. ALF, R.)}Z
AVEE w g | VK * VE | VB S5G + ALF | REIEMP.
VEE = B[1] | VvH{1] % vsl1) | yH S@(1) + ALF | RETEMP [1],
SQRT (RE TEM#~ RF TEMP), SORT (RE TEMPIL11~ RE TEMPI11),
{(VB[1] « RE TEMP{1])s¢VvB + RE TEMP) | RE TEMP 2],
LN (RETEMP[21» RETIEMP([3]),
VEE » VEE # A1 | HE TemP(4), SNRT (RETFMP[4]m RETEMPI4)),
1.0 7 RE TEMP[|4] =+ RE TEMPIS] | Re
RANGE FUNCTIAN Z2U(VEE, RB(2). ALF, R,J)Z
+SGRT {ealLFn RETEMF],
VEE » B/RETEMP | KETLMPI1], VEE = R{1)/7/RFTEMP | REVEMPt31).,
v VEE * VEE + A1 ! RETEMPIS], SQWKT (RETEMPI[S)~ RFTEMP[6]},
RETEMPILl]«<i, rEn
VERTEX I+ LAYER.
RETEMP 31«1, 0z
VERTEX 1M LAYER,

ARC SIN (RET+MP[1]a HETEMP(2)), ARCSIN (RETEMPI31a RETEMPl4)},

{RETEMP (2] « RETEMP[4))/RETEMPIG) | R
(RPAGE F5494.17)
RANGE FUNCTI®RN J¢VEE, B, ALF, R,}#

<VEE » B | VFk » VB | VH SG + ALF | RE TEMP, %V¥B$% | V¥R, % ALFS%

(6],
SGRT (RETEMPm RETEMP[1]}, SGRT (RETEMP [&]~ RETEMP [2]),
(V8 + RETEMPI1))/RETEMP(2F | RETFMPI3},
LN {(KETEMP! 3t~ RETEMP[4])), VEE % VEE % A1 | RETEMPI5I,
SQRT {RETEMP[S]m RETEMP{6]1),
Z+0/RETEMPLIG) « KETEMPI4) | Ra
RANGE FUNCTIAN 4tVEE, WH. ALF, R,}2
+VEE ® YEE » A1 | RETEMP, SQRT (-RETEYP~ RETFMP(1}),
SQRT (~ALF» RETEMPI21), VEE * H/RETEMP{Z2) | RETEMPI[3),
ARC SIN (RET&MP([SIn RKETEMPL4]),
tP] GVER TW@ « RETEMP[4]) « 2,0/RETEMPILY | Ra
{#PAGE F5494-18)
RANGE FUNCTIFN SIVEE, 8, A{F, R, )2
wVEE * VFE * ALl | RETEMP, SUORT (=RFTEMPA RETEMPI1]),
SERT {(-aLbm RETEMPI2)), VEE # R/RETEHMPIZ2Y | RETEMPI(3],
ARCSIN (REYEMP[31m RETEMPI4]),
(RETEMP[4] + Pl ©VER Twe) w 2,0/ RETEMP[L]) | Rq
ERR IN ARCZZ
12 <<ERRORGINTRANGESEAUATEIONZ , EHARCSINEARGEGT .31, 02>,
T~
(XPAGE F5494n19)
RAY TRACE MATRIX (RSIGN (2), D SIGM(2)~ CASE NLMRER, ROW,
CASE TABLE (16)= 2+ 2, 3, 1+ 04 29 14 s 1 14 24 0, 40 3,
#0 | ROW | CELUMNK,
REIGN = 1Zn~

2 | RAWR
D SIGN = 1#~

RAW + 1 | ROwWn
R SIGN (1] = 12,

2 | CALUMKA

I RETEMP

CALUMN,

2

23

EN,

33

PTP51400
PTP515Q00
PTP51600
pPTPS51700
PTP51R00
PTP51500
PYP52000
FTPS2100
PTP52200
pPIPS52300
PTP52400
PTYPS52500
PTP52600
PTP52700
PTP52800
PTP52900
PTP53000
PTP53100
PTPS53200
PTP53300
PTP53400
PTP53500
PTP53600
PTP53700
PTP53800
PTPE3900
PTP54000
PTPS4100
PTP54200
PTP54300
PTP54400
PTP54500
PTP54600
PTP54700
PTP54800
PTPS54900
PTP55000
PTP55100
PTP55200
PTPS55300
PTP55400
PTP55500
PTPS55400
PTP55700
PYP55800
PTPS5900
PTP56000
PTPS6100
PTP56200
PTP56300
PTP56400
PTP56500
PTP56600
PTPE6700
PTP54800
PTPS6900
PIPS7000
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D SIGN {1} = 1%~ PTRPEZ4 00
COLUMN 1 | CHLUMNS PTPS72G0

4 » CELUMN + KPW | EM, CASE TAHLF [EM] | CaSE KUMHEERS, . PTPSZRQN
7 PTREZ400
LERAY ACRUSTIC - [ASE FUNUTIANS) PIPS7540
{(2PAGE F52756-11 PTPSTEON
(2THIS FLAWCHRART CONTAINS THE FUNCTIBNS USED T8 DETERMINE THE PTRSZ2700
VERTEX VELBCITIES HETWEEN V ANU Vi1l FAR WHICH & RAY WILL STRIXE THE REPTPSTAQD
CEI¥ER} 45 ¥4-111.1
RTELFRANCE = 10Q,0. PTPS58000
Y TEBLERANCE = 1,0 * «2n PTPI&1GN
CASE FUNCTIOHSZ pIPB8200
CASE 1 FUNCTIEN tV (2) = Z#0s R {21 = 0%0s RSIGN (2, VP = 40, ¥3P = OPTPS8300
*G0 PTPSR4GD
RP 5 g=p, Re2rp = ys*g, RP SInN, R2 PSIGNIE = PIPSRSDD
FIND SRLUTIONE PIPSE&OD
(#4 LINEAR (KRTERPELAT YN MEIHED 1S USED TO FIND S@LJIION) AL TR
INTERSECT PT (¥, Ry v {11+ B f11=~ ¥PY, TRADE RA&Y {vP, 0~ RP,, RPSIGN}, PTPEE80E
RP SIGN 2 R SIGNZ PTPHSB900
INTERSECT BT (Vs R, VP, RPm~ y2P3, ¥P | ¥, RPR | R~ pY¥RSenan
INTERSECT #T tyP, RF, ¢V [11:. R {ilm ¥2P), ¥P t V [1}s RP t R i1}~ PTP59100

¥V o€ V2P < V 11lz- PTPAR200
CIRE (¥ [11 + ¥Y / 2.0 1 ¥2Pnm PTR5S30N
TRACERAY (V@2r, 0~ HZ2P,, HRZPSIGN}. FTP5940D
RZPEIGN = RSIGNgZ pIRS9S0A
¥2P I ¥, RZP | R~ FIPS55400

¥2R b ¥ 1), R2P 1R Iits PTPEQ70Y

(RPAGE F BZ276#=7) PTRS9800
YESTZ PTP5R30D
¥ 111 » ¥ € v TOLERANCEZ WRW TEST RANGES.~ RYRS&DOODN
$ 1,0 = RECETYFR HANGE / H § <V TRLEARANCFE ? PTP&OLOD
$ 1.0 ~ RECEIVER HANGE / R {1) § < ¥ TRLFRANCES pYRLA200
CIR, PTPSQ300
FIND SBLUTIAN, PTPANANA
NEW TEST RanrbSe PTIR&RSHY
§ RECEIVER RHiNGE=RY < H THLERANCE FTRAGADD
$ RECEIVER RaNGE = R [1} & <« R TRALRRANCEZS PTRP&OTON
v oI1d o= v € 1,0 4 =52 PTP&GBGY
CASEL &X17, pPYPAQSON
CIR,m PTRSLIO0OD
CASE 1 EX]72 pIFAILION
¥ oF ¥Py ¥ L1y 1 vEPS BTR&LI00
INTERSECT PT (V, R, vi, Hi, ¥ [NTEHRSEQT)F PIP&1300
#{RECEIVER RaRBE - HY * {4¥1 = ¥} # (Rt = R} + ¥ } ¥ INTERSECY,: RTPAL40N
(EPAGE F B274-3) PTP&1500
CASE 20 FUNDTIMN (V 12, F (2}, RSIGN (2%, DSIGN {2}. VRR (4}, HE (4}, PTPALAQA
RP, RPSIGN, DFP. DPSIGN,. VP, PPZ2O. GRIGYP,IZ PYPALTES
“RECYLLE 242 FTPALAQN
2.0 1 PP20, PTP&LS0O
¥y o[i1l - ¥ ¢ 1, NaeZ? PTP&Z200Q
@t VRR i VAR {1} t YRy 121 t VYRR [31. CASE 20 £X1T.~ £IRS2100
Vo (VO[3 - W3/ 2.0 01 BRIG VP, PTPAZ2GD
RESUR 204 BYPAZINN
¥+t ¥ 1L - N} £ PP 20t WP = ¥ < L,Ne=37 PTP&240D
BRIG YP + ¥y TRACE HAY tV, O~ R,, ASIGN, TSIGN}, JECYCLE 20.» BYPEZEAN
TRACE RAY {vr,y O~ RP, OF, RPI1GH., NPSINNI, PTR&2500

PE0ix FTPAZTOD
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RP SIGN = RSIGN#= PTP62800
CASE 1FUNCTION (WP, v {1}, KP, R (11, RPSIGA, RSIGN (1]~ PTP62900
VYRR (2], VERII)JRRIZ21,RHIZ]), PTRA&300D
CaSE 4 FUMCTIgN (v,¥p, R, RP, RSIGV,RPSIGM~ PTP63100
YHR, VRR [1),KFRy =R[11), CASE 20 EXIT, PIP63200

{EPAGE F 5276-4) PTP63300

DSIGN = NSIGH {1)% PTPE3400
DSIGN = DFSIGNZ PTP43500

PP20 = 2.0 | PP20, RESUBZQ. PTP&3600
DRSIGN = 1% PTP&3700
R S1GN = 12 PTR63800
PTAIFPLUS?G. PTP63900
ETO1Z0.» PTP&4000

HSIGN = 1% PTF64100
PTYOL20. PTP&4200
ETR[PLUSZ0 ymnnA PTP64300
CPSIGN = TSIGHh# PTP44400
P Talzrn, © PTP&450D
PTA] PLUS 20,m PTP&45600

P TR I 202 PTP&4700

VP | ¥, RP | H, DFSIGN | OSIGN, RPSIGN | RSIGN, RECYCLE 20. PTP&4800

P TO IPLUS 2n% PTP64500

vP | v t1)y, wp | K (1), DPSIGN | DsIGY (1. PTR65000

RPSIGN | RSIGN [1), KECYCLR 20, PTP65100

CASE 20 EXIT#y PTP&5200

(XPAGE F 5276=%) PTP65300

CASE 31 FUNCTION (V(2), R(2), RSIGN(2), NSIGN(2), VRR(&). RR (6}, PTP&5400

VP, RP, RPSInNs LPSIGN, PPI1,)2 PTP&5500

<0 | VAR | VeRI1) | VRA[2] | VRR {3) | VRR [4] | VRR [S), 2,0 | PP31, PTPE5400
RECYCLE 34# PTP&5700

V{1] = V € 2, 0%=%4 PTP&5800
CASE 4 FuUnCTIGA (V,V[11, R, RI1), RSIAGNs RSIGN[1])~ PTP&5SOO

YRR, VRR [11, RRy, RR [11), CASE 31 EX[T,» PTP&6000

V o+ tyfl) - w) / PP31L | vP, PTP66LOND

FIRST APPROX 31z PTP66200

TRACE RAY (VF, 0~ RP, , RPSIGN, NP SIGM), PTP66300

$RECEIVER RANGF = RP 3 < 1,0 ¢ «pg PTP&&400

PP3L1 + 1,0 | PP31, RECYCLESL,~ PTP6650D

RP SIGN = R RJGN# PTP&6600
#310, PTP&6700
P311, PTRPS&ROD

P310% PTP66900

CASE 20 FUNCTION (V, VP, K, RP, RSIGN, RPSIGN, DSIGN, DPSIGNa PTP&7000

VAR VRRIL1 4 VRRI21 ) YRE {81, RHLRRILY,RRI21,RRIZ) Y, PTP&710D

VRRs0Z PTRP&7200
P 1@ I 31, PTP&7300
CASE 1 FurCTIEN (YP, VI[1}, RP, RI1], RPSIGN, RSIGN[1}~ PTP&T7400

VRR{4],VRR[S1,RR[4],HR[5)),CASEILEXIT, PTPAYS0D

(BPAGE F5276+6) PTP67400

P31l PTP67700

CASE 20 FUNCTI®ON (VP, VI1], RP, R[1}, RPSIGN. RSIGN{1}, DPSIGN, DSIGNILPTP&7R00

1a _ PTP67500

VRR [2}y VRR [31, VR® [4), VRR [5], RRI2), RR[3), “RI[4), RR(5]), PTR&800N

VRR[2] = 0 # PTP&810D

P T 1 PLUS 141, PTR&8200
CASE 1 FUMCTI®A (v, VP, R, RP, RSIGN, RPSIGN~ VKR, VRR !i], RR, RR IPTP&B3O0
1t PTP6B400
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CASE 3t EXITY. FIpagsgn
P Ta § 3iz FPTP&EAOD
YF [ ¥, RP | H, DFSIGN | D SIGN, RECYDLE 31, PTPARTON
P TR 1 PLUS 131F PTR&ESOS
vP | vI[1l, Rp [ w1}, OPSIGN | OSIGNILI, REGYCLE 31. PIFP68900
CASE 31 EX1T##.. pYR&gO0A
7 FTP&9100
{2PAGE £ 552%=4) FTPAGZON
(2TWE FIRST SIX NAMES IN TWIS LIMENSIONING STATEMERT RTP4QIGH
AHE USED BY THE PROGRAM AS THREE QROERFD PAIRS,] PTPOG4DT
TXATBNDRY =00, A LT
RCATENDRY = 1, PTR&F40D
TEIX INDEXTX & 0L, PTP&ITRO
RBI# INDEXRC =2 &0, PTPAGRON
TX 8D SPD, PTR&S90D
RC SND SPD, FTRP7UOUN
BLIBMORY 1 = QUQO . pYRr7gips
8Z18N0RY 2 = 0U0Q0 , pPTR7O200
IRT200, NiCHE =2 0D, BETIEM = §0;, TRP = 00, PIPTARQA
sSHIFTED TABLE=00000,0000. PTPTO400
DEPTH = 000800, 00000, FTEF7OG540
LEVEL, PYRTR40D
sUDER, PIPTQTED
JEViCE 1 =0 (DEVICE 2 5 00 prRIaAnn
ASNE, PTRPTOS0D
£TRE, PYPTIOOD
NEGZ = 2,0, PTRP71100
whLet. PTPTLZOD
IEEEN*0, PTRTL300
CEE = p*0, PTPTiL400
STH, PTR71800
STRY., PTRT71400
CND%, RIR7iTHR
LIMIT, pTR75800
TIL LIMIT = nis PTP7LT0O
r TAbE=® QL0G0C00.50000 RTRP72000

TITLE FLAGA PTR72100
(#PAGE ¥ 552¢-2) PTR7ZZ0R
SEARCHZ <NMEF HF 418 ¢ 1IL LIMIT. STRTIATOL
INDEX INSTRUMENT LEVEL (ZSUBTXy IIL LIMIT~ INDEXTX. TXATBNDRY), PIPZZA00
INDEX INSTRUVENT LEVEL (ZSUBRC: TIL LiwITA~ INDEXRC, RGATEBNDRY}), pTR72500
CEMPUTE INST L ¢75UdTX: INDEXTXa TX SyN SFT]. PIFP724TD
TX SND SPOD @ TR SEUNT SPEET. RYRI2708
CEMPUTE INST { (Z3URRC, INUEXRGe RC SN0 SPD. PTRZP2ALS
0 I LEVEL, PTP7290N
ISUBTX = ZSU®mH(CE FTRTIIO0N
T% &7 BNDRY > O FTP7310D0
INTEXTY | w1 t 82, IIL LIMIT - 1 t LIMIT, CONTREL, PTR73200

SHIFT rBWN (INDESTR, JIL LIMIT, $n~3, INDEXTYX ¢ 1 § INOFXTX | INDEPTP733C0

¥RC | BL | uz?, PTRTZ400
FSUBTX | DEPTH TAHLE [INUEXTX!, TX SN0 $P0 | C {INDEXTXi. PYP73500

TIL LIELT & LI™LT # % t IIL LIMIT 1 NMRR 8F A4S, CONTREL . s» RTRYIsNG
{XPAGE F 552¢-3) PTFZ73700
TIUBTK <« ZSUHRCH PIPTIAGD

INDEXTX | HNDKY 1, INDEXRC | KNDRY 2, O | DEVICE 1, &t | DEVICE 2~ PYR73900
INDEXRC | HENDRY 1, INDEX TX | BNDRY 2, % | BEVICE 1, 0 1 DEVICE 2~ PFTP74000
TX AT BNDRY tDEVICE 1} » 2% PTPT4100
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TX AT BNDRY [DEVICE 2% > 0&n PTP74200
SHIFT TOWN (52, JIL LIMIT, 1-a), INDEXYX IDEVICF 2] + PTP74300
1 | B2 | IMLEXTx [BEVICE 21, ZSJRTX [DFVICF 2] | PTP74400
DEPTH TABLE [B2], TX SND SPD [DEVICE 21 | € (82, PTP7450Q0
TIL LIFIT | LIMIT « 14 1 TIL LIMIT | NMRR @F AlSe PTP74600
TIL LIMIT = 1 & LImlTe CONTROL .~ PTP74700
TX AT BNDRY IDEVICE 2) » 5¥ PTP74800
SHIFT UAwn (81, FIL LIMIT, 1A}, By + 1t | R1 | INDEXTX {DREVICE 1}, PTP74900
INDEXTX INEVICE 2) « 1 | B2 | INDEXTX (DEVICE 21, PTP75000
ZSUBTX [DFVICE 11 | DEPTH TABLE (B11, PTP75100
TX SND SPD LDEVICE 1} ¢ € [Bil, [l LIMIT | LIMIT « PTRP75200
1 1 IIL LTMIT | NMBH BF AiSe PTP75300
SMIFT DOWN (B»s I1L LIMIT, 2a), B2 | SUDGR & 2 | B2 | INDEXTX [DEVICPTP75400
E 2], . PTP75500
Z5uBTY [DFVICE 2] | DEFTH TABLE (B2}, PTP?5400
TX SND SPP [DEVIGCE 21 1 C [B2Y, ITL LIMIT « 1 | LIMIT + 4 {1 I1L LIMIPYP7570D
T PYP75800
| NMBR OF A1S, PIP7S900
SHIFT DBWr (Bis, SUDHBs 1~)y B1 ¢ 1 | AL | INDEXIX {DEVICE1), PTP74000
ZSUBTX IDeEVICE 1) ¢ DEPTH TABLE (B1!, TX SNR SPD [DEVICE 1! | C [BRLIPTP76100
" PIP7620D
{XPAGE F %524e4) PTE76300
CONTROLZ C | STRy CNDX = 0 (1) NMBR @&F A1S = 1 =C [(QNDX + 1) | STR1 > SPTP76400
TR PTP76500
STHYL | STF | CMAX TABLE[CNDX], DERPTH TARLE [CNDX+1] | CMXZTAB [CNDXIPTP76600
» PTR76700
STR | CMAX TAELE[CNDX),» STRY | STR, DEPTH TABLE [CNDX) | CMXZTAB [CNPTP7&800
DX)n~a PTP76900
0 ] MAX v @GN PRBFILE, 57 LOOP2.m PTP77100
ST LPRPL1Z C | MAX V N PROFILE, D | TITLF FLAG, PTR77200
SEARCH Max V tN PRGFILE,s LOPPY,~ PTP77400
ST LOBP2# C ILEVEL] | INITIAL VELBCITY, PTR77500
LOOP22 LEVEL = LIMITZ PTR77600
INITIAL VFLBCITY » MaX Vv ON PROFILE# PTR?7700
INIVZ | MaX PRIFILE DEPTH, PTP77800
INITIAL VELGCITY | MAX V @N PRAFILFan~ SEARCH MAX V GON PROFILE, PTP77900
EXIT SFARCH.n PTP78000
LEVEL s RNDRY 2&~ PTP78100
SEARCH INITIAL VELBGCITY , LB@PR. PYP78200
INITIAL VELGCITY » MAX V ON PROFILEZ PTP78300
INIVZ | MAX PREFILE DEPTH, PTP78400
INITIAL VEL®CITY | MAX V BN PREFILEnA PTP7E500
LOOP 3# LEVEL > LIMITZA PTP78600
SEARCH MAXY V &N PROEFILE, LOAOPI, EX]T SEARCHZ2, PTPTBTG0
{ZPAGE F 5529e%) PTRP7BRUD

INDEX INSTRUMENT LEVEL (NEPTH OF INSYR, LIMIT, INDEX, AT BNDRY, LMFLT,)PTP78900
2 oFX 70 FL (LIMITh (MFLT), LMFLT « DEPTH ®F [NSTR / (DEPTH TABLE [LIMIPTP7S000

Tl = DEPTH T4BLE) 1 [NDEX, PTP79400
FL TO FX CINFEXs INDEX), PTR79200
INDEX » [ IMIT2 PIP79300
LIMIT | INDEXnA PTP75400
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LOBP,» PTP79600
LPX DEPTH TARLE [INDEX) = Q& PTP?74700
INDEX = 1in | IADEX, INDEX » QF PTP7%800
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LP, pPTRIgQ0n

0 i InnEX, LAGP,An . FTPEOOON
LEQEPE O INDEY > LIM[TZ FIpagLgn
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LIOFz DEPTH TaBLE [INDEX) = DERTH @F INGTRZ FTPRO40N
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43 TABLE INIrWE] | A3 TARLF INIGWE + INT!ss Prrazads
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SEARCH My, s PTPRITON
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TITLE FLAG = @7 PIFPRIRGD
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P PRINTFRCFFITRCEE T TEFSZEE» amnmam PTPB4OQHE
SEARCH Mmyz RPTRE4400
CMAXTABLE [LFVELY > MAX VEN PREFILFZ PTP84200
CMEXTARLE TLEVELTD § MAX VAN PRAFILE, PTPRAXIN
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SEY Myx LEVEL + 1 | LEVELSs FIPARLBON
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SEARCH INITIaL VELOC!TYZ +a1 TARLE [LEVELI § AENE < 07 PTPB4TOD
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CEMPUTE Ive 12 TABLE {LEVEL] © &ATWm ¢ MER2 / AGNE | FEE, PIPALSON
DEPTH TABLE !LEVEL] < 7EE < DEFTH TABLF [LFVFL +112 FTIPBROON
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